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CERTAIN MEGHANICAL STREHGEE PROPERTIES oF
ALUMINUM ALLOYS 25S—T AHD X?GS—T -

By Thomas J. Dolan - - - I

T SUMMARY

Tésts have been made to determine certain mechﬁﬁlcal
strength properties of 255-T alumihum alloy. ResE?ts are

presented from static tests in Temsion and torsion,4 end— . _ .-
ing fatigue tests employing thres different types of. S
testing machines, and from impact tests of notched and o
unnotched specimens in tension,as well as from chaTPy 1m—_ ) _;;

pact Fests made at -several low temperatures, 'Informatlon
is included on the effects produced by repeated under—
stressing and by -mnodlzing, and a comparison is made of _ _;m“ =
the strength properties .of 258~T zlloy with data prev1ous— o s
ly reported fox the X?GS—T alloy. (See reference 1.

The results indica%e tnat.-

(a) The fatigue strength oF maxlmum alternaﬁlng o
stressg that could be endured. for-a. given'rnumber of. cvcles
by notched specimens. of these ' alldys dee?easad marLedly o
as fhe mean stress: in the bycle was incr@aSed in tension._" o

R

(b)Y The fatigue strength of- notched EBS—T speclmens
was greater then that of  the X768-T 3p331mens when the
mean stress was a tensile stress. - - -. - h; h

(c) Phe fatigue strength of both alloys was gregtly -~ .-
decreased by.fhe presence of a- notch in the sPecimens

(d) -3 1arge number of ¢ycles of anderstress produced )
no great .or consistent change in the Iinal Latigue strenbvh )
of these two alloys.gu . T - -

-r

“(8) Anod1zing pro&uce& a slight increase in- fatigue'i;_:_:“i;j
strength of -X765-T .alloy, butb’ dld not afisct the sndurance =

limit of +%he. '265—T° alloy. - P
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.IN-q:R ODUCT IONs

”he principal stresses developed in an alrplane pro—
peller bdlade in service arise from two causes, namely:

(a) A steady stress due o the centrifugal loading
developed when rotating

(b) Alternating stresses produced by flexural vibra—
tions of the blade.

FPor a typlcal aluminum blgde theee st eady stresses mnay be
as‘much as 12,000 pounds per square’ inch and superimposed
alternating stresses have been found as high as 20,000
pounds per square 1nch . : . L
The face side. of the blade is frequently scratched
or nicked in service, producing notches that act as -
"stress raisers.,'! Thebe notches in the polished surface
are the points from which fatilgue fallurés of the dlade’
may devslop. ‘Hence, for d681¢n_purposss it is necessary
to know what. maximum -alternating stresses may be super—
imposed on either tensile or, compressive mean stresses
of various magnitudes without causing faillure of the
notched member. It ls also very deslrable %o khow what-
influence the.repetition of & large number of cyoles of
understress (stress below the endurance’ Iimit) will have
in raising or lowering .the eniuranqe limit of the metal
in'a propeller blade. This information is of importance
in detérmining whether the service stresses normally en+-
countered in. £flight. would. eventually Aamgge ‘the material,
and: in interprating the results.of laboralory tests of
full-size blades.in which the- vibratory stressses are in-—
creased by small increments after definite time intervals-
until failure oceurs. :

The maln purpose of the investigation hereln reported
was to determine the flexural fatigue: strsngths of notched
specimens - of an alumizum alloy, designated mws 25S5—T, when
subjected to six different ranges of stress, and to com—
pare these values with the fatigue strengths of polished-
(unnoteched) specimens w1thout abrupt change in section,
To give rather complete informstion on the mechanical
properties of this metal,which is commonly used for pro— .
peller blades, tests were also made to obtain values of
the static and impact properties.



NACA Technical Note No. 914 B

A.second purposse Jf :the investigation was to de—
termine whether the endurance limit of the metal was
appreciably affected by a large number of cycles of under—
stressing or by anodizing the surface. Ths data contained
_in. this. report are the results of a continuation of the
"serles of tests reported in reference 1 on X76S—T alloy.
The results- of further tests.of the X768~E allev are also
‘given in this reporst. -

The tests reported herein were conducted at the
Engineering Experiment Station, University of Illinois, -
under the sponsorship of the National Advisory Committee
for Aeronautics. The Hamilton Standard Propellers o
Division of the United Aircrgft Corporation cooperated
in the investigation and provided machined specimens for
a number of these tests. ] L. . S . N

Acknowledgment is méade to Mr, 0. C. Worley, Mr, G.
D. Chambliss, and Mr, R. L. Brown, Jr. for their assist—
ance in conducting the research. .-

MATERIAL AND METEODS OF TESTING

Types of test - Three types of btest were made on
265~T aluminum alloy to determine the orainary methanical
properties of the material as well as the fatiguse of
strengths. These teats may be outlined 'as follows:

(1) Static tests were made of notched and unnotched
tensile specimens gnd of unnotched torsion specimens to
determine the strength, stiffness and ductility of the
metal. The term "unnotched” will be used throughout this
report to designate spécimens without air abrupt change of
section in the portion under test.

(2) Impact tests were made of notched and unnotched
tensile specimens, and of standard notched Charpy bending
impact specimens, a% ordinary room temperatures and at low
temperatures, to give some indicatioh of the ‘energy’ ab—
sorbing capaczty and of the relaftive notch- sensitivity of .
the material under suddenly applied loads. _ . T
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(3) Repeated load (fatlgue) tests were made in

'three types. of testzng machlna,

namely.

(a) ngh—speed rotating cantilevor beam fatigue
nachiines. using (small) O. 40—1nch—diameter round specimons

(Dp) Krouse rotating cantilevor boam fatigue machines
using specimens 0.26~inch in diameber :

{c) Erouse flat plate fatigue machines which sub—
Jjected roctangular specimens to a v1bratory bending ac—
tion without rotatlng the test pilece. :

Both notched and unnotched speqimensqwero,fested'in the

vibratory bending and the Krouse

cantilover—beam fatiguo

machines; whereas the high—speod rotating beam machines

have beon uscd only to determine

the endurance linits

bf polishod unnotched specimens._

Hgtcrigl gnd test spec;megs.—-host oft the tosts heoroin

roported were made on the aluminun alloy that is degipg—
nated and sold under the comnercial code numbor 255-T,

The chemical 'corposition of ‘this

Teon't
. Hapganese
Stiicon -

AIﬁmiﬂﬁh'

”54{éé;ﬁ-

alloy was as follows:

Percent

- .36
077 .‘."

RS 3

”Balaﬁce.".

, All specimens tested were from the same heat of'
netal that was hot rolled from a 12~ by l2~inch ingot,

to round bars 1 iach.in diameter. -

The bars were then

given a.solution and precipitation hardening heat treat—
nent by holding for 10 hours at 260° F. quenching in cold
water, and aging for 10 hours at 340°% F,

Several =mdditional tests on X768~¢ ailéy were also
nade to study the effects of muodizing and of repeated

understressing.

The detailed chemical composition and

heat treatment of the X76S5~T alloy were as follows:

i
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: Zinc” ¥ SRt 7ie _1 o
Magneeinn | 1.6 B
Hanganesen _-." ﬂts-:: - .- -
itanium '-;l“.,f*l;' -
'sixi;o;, :_ - R "ri_;-;
Ainminnm L - 'Bélénéé |

"ALL Specimens tested were from the same heaf of-
metal that was reduced, By the 1atest méthods of process—
- ing, %0 VYars 1 inch square which were’ subsequently swaged

in a pair of swaging dies %o 1 inch diameter rdéund. The
bars were then given a solution and precipitation harden—
‘ing. heat treatment by~ hol&ing ‘for 10 hours at 860° F,
quenching in. water,'and aging for 12 hours at 275 F

The ‘details. of the epecimens usea for the ordinary '
stafbic tensile ‘tests to determine the phy81ca1 properties
of the unnotched specimens -are shown in figure la, and
. the .type af notched speécimeén used " in tHe static teénsile
test is showd in-figurse 1@} ‘Three specimens of each of
these Hwo types were-tedfed in-an Amslelr Hydraulic.' T
.Universal Testing Hechine HAViHE a oapacity of 50,000
pounds. Additional tests were also nade on tensile speci—
mens ‘having the samé nominal diameter as. that in figure
1(a), but having an over—all length of raboutb ll% inches so
that an - 8—1nch gage length conld be employed ’

Bl Tt g

In finure Llic)-is shown ‘the the of specimen used tE
determine the stabtié torsional’ properties of the material.
The .tensile impact specimen shown~in figure Zn)Was polished
with No. 0Q.emergy paper and the dianeter of the spscimen
near the center was reduced about 0.003 inch less than at
the ends of the B—inch gage lengths. o —

The notched tensile impact specimen shown in figure
Zhﬂcontalned 8 notch machined with a carefully ground tool

-

—————

PR
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that was checked for accuracy of sHape by examining in a
metallurgical microscope at 100X, This notched impact
specinen was geometrically similar %o that of the noitched
static tensile specimen in figure 1Q. The notched bending
specimen used was the .standard Gharpy impact specimen of
the dimensions shown in figure 2@

The types of specimen used in the rotating—beam fa—
tigue machines are shown in figure 3 and those tested in
the vibratory bending fatilgue machines are shown in fig-

ure 4, Those specimens without abrupt change of section
(ﬁﬁ 3, and 49) were all polished lomgitudinally with No.
OO emery paper and oil to remove ool marks and circum—
ferentlal scratches before testing. A4ll of these speci—
mens were polished by .one man to assure uniformity in the
polishing operations. The notched specimens (gzﬂand 4%)
were cut with carefully ground tools to assure uniformity
in depth, angle of the V—notch, and radius at the root of
the notch, on all specimens tested. Threa faces of the
notched specimen in figure were polished longitudinally;
the root of the notchp and the face containing the hotch
were left in- the original mgchined condition. '

. The nominal stress in all fatlgus specimens was cal—~
culated By using the ordinary flexure formula, s = Mc/I
in which s is the flexural unit stress (1b/é&q in.)
is . thd bending mémeént ot the critical test .section 3
(in.—lb) ¢ . is half the depth of.thse specimen (in.),
and I, isAbhe.moment of inertia of the net' érose—sectional
area (in.*).. For. those.specimens containing notches the
values. of ‘stress.given in this report are those at the
root of -the notch computed. by the above formula using the
valuas of ¢ and I for .thse mlnimum cros&—secﬁional area,

The tests of rotating—beam fatigue specimens were

made - in two Krouss, 120 inch=péund capacity, cantilever
mechines of the type shown ih figure 5, which were operated
at 6000 rpm. Alsoc employed were four small high—spsed
cantilever beam machines of ‘the ‘type shown in figure 6
"that ;were run-at 10,000 rpm. The vibratory bénding fatigue
tests were made in six Xrouse Flat Plate Fatlgue machines
of “the type shown. in figure 7, which wers run at 1750 rpm.

RESULDS OF TESTS

Static tests.— Lower portions of the tensile stress—
strain curves for three unnotched specimens of 255~T alloy
are shown in figure 8 and a typical complete stress—strain
diagram for one of these is shown in figure 9. The results
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of these three static tensile tests on a .2—inch gage. .
length and of three -additional tests an: a .8—inch gage_
length are tabulated in table I. The tensile tests wers
carried . out in accordance with 4,S5.T.M, Standard Hethods
for Testing Hetalllc Hateriqls, designatlon E8— 36..

For purposes.of comparison with the 255-T -alloy the
average properties of X76S5~T glloy as obtained in the.
previously reported series of teste have .been added to
each of the tables giving. the results. of static or impact
tests, It will be noted in table I that. the 255-T alloy
had lower stabtlc tensile stremgths, butb slightly higher_
'ductllity and modulus of elasticlty than the X76S~T alloy.

-The Brlnell hardneSS, using 509—kilogram and lO— .
mlllimeter ball of the .255-T.alloy ranged from 102 ta 118
in the various specimens tested and, averaged about 111

The X76S—T glloy had a higher.average hardness, 146 Brinell,

than the other precipitation hardenlng aluninum alloys.

The greater portlons of ths tsnszle stress—strain
curves on notched sPecimens are shown in. figure 10, and

the results of.these three individual tests are summarized

in table II along with the corresponding values for X768-T

alloy. The relative ratios of strengths shown in this-
table for each metal are of approximately the same magni-
tudes- except for-the very high ratio.of .yield strength %o
ultinate strength exhibited by the X765-T alloy. The in—
troduction 0f a hotch in the static tensile:gpecimens of
X76S—T-glloy: also cawsed ‘a mich: greater proportionate loss

" “in percent elongation than d4id the same-notch .in specimens

of 25S—T.=-- ) s ey L e . .f,

- Lo o .' -

Static torsion.. tests were made of three solld qpeci—
mens of bthe fype shown in figure 14 - The lower portions
of the torque—twist curves for ‘these tests are shown in
figure 11l. A summary -of the data obtained from.these..
three tests along with similar data for X76S—T alloy -is
shown in btable .I1I,:  Here again the yield strength for
X76S~T glloy was a much higher proportion of the ultimate
strength, as represented by modmlius. .of rupiture than for
the 258—T alloy. However, by comparing tables I and III
it will be noted that the modulus of ‘rupture of 255—T in
torsion was .a greater proportion of its static tensile
strength than was ~the case for the X7SS—T. - .

Impact tests.— The tensile impaet tests were made.

'in a standard Charpy machine having a ‘capacity of 223
;oot—pounds equipped with special auxiliary specimen

grlps containing spherical seats that were designed to
minimize bending or eccentric loading on the specimen
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during test. Tensile 1mpact tests werse made both at
room %emperature (XBOO 2) and. at a low temperature
(—40° 7) %¥i%%% it. was. folt that any change in proper—
ties of the metal that would. be induced by low tempera~
tures would be.of importance.

Gooling of the specimen- to the low temperature was
. accomnplished by immersing the pendulum test specimeny-
and attached holders 'in a bath.of acetone contalned in a
special .insulated box., The ent;re bath was cogled by
adding dry ice until .the desired 'temperature was obtained
and the bath was then maintained at this temperature for
at least five minutes before testing the specimen. Previ-—-
ous calibration tests in which readings were_ taken on
several thermocouples attached to a specimen indicated
that this was a sufficilent interval of time for these
small specimens to reach a uniform temperature egual Vo
that of the bath., In performing the actual test of the
gpecimen only about 4 seconds elapsed between the re—
moval of the box containing the cocolant and the actual
fracturing of the specimen; hence it was felt that the
“‘temperature of the spacimen 4id not change appreciably
previous to testing since it was surrounded by relatively
Heavy masses of metal cooled to the same temperature as
" the bath.

The test data showing the energy required to rupiure
each specimen "‘tested and the average values obtained for
each groun. of specimens are shown in tablé IV for the
tests at #80° Fy and in sable V for the tests at —40° F,
For purposes of comparison one may regard-the energy re—
quired to rupture the unnotched specimens (column 3) as
indicative of the lmpact strength, and the percentage of
elongation and reduction ofarsea (columns 6 and 9) as
measures of the duectiiity of the material uvnder these
conditionsg of testing. A ratio of the values obtained
for notched specimens to those for unnotched specimens
given in columns 5 and 8 gives & rough measure of the
notch sensitivity of the metal under rapid loadlng.

For a rough comparimon with the values of 2b55-T
alloy listed in tables IV and V there is included a new -
set of data for X765—T alloy tested under the same con—
ditions. (The prev ously reported tenslle impact tests
of unnotched specimens of X765—T alloy wers made on
specimens 0,25 inch diameter instead of 0,20 inch diame—
ter, as in the present tests.) (Ses reference 1l.) It
may be seen that the 255-T alloy gpedimens required more
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energy to rupture than those of the X765—T alloy. The
ratio of energy absorbed by the notched specimens %o

that for the unnotched specimens was also greater for the

255—T alloy indicating that this metal was somewhat less

sensitive to the damaging effects of a notch’ than was the

X765-T alloy.

The average energy absorbed by all specimens of
255—T tested at #£80° F (see columns.3 and 4 of table Iv)
was beloy that for the specimens tested at ~40 TF; how—
ever, the X765—T alloy showed no appreciable change in
energy absorbing properties over this range of tempera—
tures. A compsrison of the average values listed in
tables IV and V therefore leads to the conclusion that
the 255-T exhibited practically the same ductility and
notch sensitivity and slightly gresater energy absorbing
capacilty. in the tensile impact tests at —40 F as 1t d&id
at roon- temperature. T

The results of a series of notched bar. Gharpy band—
ing tests at bemperatures ranging fromdﬂ70° F %o *708 ¥
are shown in table VI, The Charpy specimens of 255-7°
alloy exhibited practlcally the same energy absorbing
capacity at —40° F as at room temperature. However,
there was a pronounced drop in energy. absorption by the
zsszm specimens when the temperature was dropped to ‘
-70% F. -~ T

A comparative picture of the results of some of the
above impact tests is shown in figure 12. Perhaps the
most interesting feature shown im tadble VI and figurs i3
i1s the fact that the 258—T gpecimens absorbed from three
to four  -times as much energy as the Xv6B8—T glloy in %he
Charpy bending impact tests. Even theugh the X765~T had
a much greater tensile strength than 255-T, 1% therefore
exhibited a much lower strength. for a service condifion
in vhich a notched member would be regquired to withstand

M"&m

a relatively rapid or impact loading. ¥igure 12 also in~_

dicates that g8ll of the average tensile impact properties

of 2B65-T were slightly superior to those of X768-T,

x

- A g—

Repeated load tests for completely reversed bending.—
The results of the rotating—bear fatigue tests of unnotched-

specimens of 2585~T alloy are shown in the 5—N curves of
figures 13 and 14. These figures include data from two
different types of testing machine operated at different

speeds, Figure 15 shows the results of tests of chtanguku
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R N RO A werone
gpecimens of 258-T in the vibratory bondinw Iptiguo na—
chine, which ftesta:were nade at the rate of 1750 cyclos
per ninute.- The spdurance’ ‘linits- of thesc groups . of un—
notched palished gpecinens have boon scaled a8 the ordi-
nates to the S—=N .curves at 10 nllllon, 100 uilllon, and
500 nillion complotely reversed cycles of strese -and are
listed in table VII. The endurance linits for the vi—
bratory bending tests have not beoén carried out to 5CO
nillion cycles of stress because of the oxcessive tine
required to run thesoe machines to such a large.nunber of
cyclesy about 'seven nonths tine would be required to run
ong s#pecinon %o 500 million cycles,

A comparison of the sndurance limits listed in tadlo

VII for 100 million cycles of stress indicates that tho
differonces in Vvalues obtained from the three typos of
toesting machine were not great and that these difforoncos
are consistont with the variations commonly obbtained from
fatigue~test results. Test results of several investign—
tors have indicated that small specimens of & metal often
exhibit a higher endurance limit than that obtained from
tests of larger &pecimens. Also several groups of tests
of fectangular vibratory bending specimens of steels,
examples of which are presented in, reference 2, results
in slightly lower endurance limits as compared with those
obtained for round specimens tested as rotating beams,

It will be observed that the endurance limit of 18,000 -
pounds per square inch for the rectangular epecimen,
based wupon 100 million cycles of stress, was only 1000 %o
2600 pounds per square inch-below the values obtained from
the rotating beam tests.

In the previous report on X765—T alloy 1t was found
that the rectangular type specimen;of this metal had an
endurance limit of .only 16,500 pounds per square inch}
wheras the endurasnce limit of threeé¢ types of round specil-—
men-varied from 22,000 to 24,000 pounds per square inch;
No definite exXplanation for this great decrease in strength
of the rectangular specimens of X765-T slloy:has been.
found. Three subsequent bests of X765-T alloy wsers 'made
with specimens that had the sharp projecting corners
rounded and polished to 1/16—inchk radius, One of-these
speclmens tested €% 22,000 pounds ner square inch ran. ovor
100 million cycles Without fracture; whereas! the other two
specimens tested at 25,000 and 26,000 pounds per square
inch failed at oxnly about 300,000 cycles which was slight—
ly short of the normal S—N curve for the rest of the
rectangular specimend. This scatter of data, tog ethervﬁih

T
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with that obtained in the original tests of the rectangu—
lar specimens of X76S—T, tends to indicate that there may
have.been mechanical defects such as inclusions or high .
residual stress present near the surface of .the original
bar stock . If such defects were present they would have

a tendency to decrease the fatigue strength of the‘ilargeré
rectangular specimens more than they would in the case of

N

the small round specimens. oo L T oL T

In the lower portion of figure 13 is plotted the S—X
curve for the rotating heam specimens of 2355-T with a V-
notch., By scaling the ordinates at 100 million cycles of
stress the values of the endurance limits were obtained -
as ‘19,000 pounds per square inch for the unnotched speci—
mens, .and about 10,000 pounds per sqguare inch for the
notched specimens._ By using the ratio of these two en—
durance limits as a measure of the factor of stress con—
centration k. caused by the notch, a value of k = 1.9
is found. However, if this calculation is based on the':
endurgnce limit at 500 million cycles of stress)a valus

16,500

of k= "2 = ],65 1is found. These values indicate
10,000 . _ :

that the Y“notch sensitivity" of the 255~-T alloy was small—
er than that of X768—T for whlch alloy a value of
k =22,000 _ 30,4 Gas obtained at 100 million cycles of

stfress under the same conditions.

. In flgure 15 is shown the S—N curve for the rectangu—
lar . vibratory bending specimens of 255-T with a V—notch.
tested under completely reversed cycles of stress. Here
again the apparont stress concentrabtion factor at 100

18,000 __2Q4. This

e 500 ' T
valus  is slightly higher than the value of Lk = 2 2 ob—
ta2ined under the same conditiomns for the X765—T alloy.. .
However, in this latter case it is felt that the reason’
for the lower. value of " k for the E7685-T alloy was due
primarily to the abnormally low value of endurance limit
that was obtained for the unnotched rectangular specimens,
In facty the pnotched rectangular specimens of 25S5~T and
of X7658—% had exactly the same endurance limit at 100 .

nillion cyecles of stress sven though the staulc ten31le

million cycles of stress was .k =
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-strength and rotating beam: endurance limilts of. polished
specimens- of X7ES~T were greater bthan those of fthe 255-T
alloy. zlioreaver, the pnobtched rotating bean specimens of

2580 had a slightly higher endursnce limit (10,000 lb/eq in.)

than did those of the X765-T alloy (9,000 1b/sg in.).

Further fatigue tests were ntade of,rotatlng bean -
specimens treated by Hanilton Standard Propellsrs Conpany
to study the effects of anodizing the surface of thess
two alloys,  'The Tesults of these tests are shown in the
SN curves of figures l4-and 16. It will be observed that
the S5—K-curve far the 255-T alloy.was practically unaf—
fected by ancdizing; whereas the data for the anodizing
A?76S—~T in figure 16 showed considerable scatter but indi-—
cated a strengthening effect that raised the endurance
linit about 3000 pounds per squarce inch to a value of -
25,000 pounds per square inch at 500 million cycles of—
stress, Hence, 1t may be concluded that the surface ef-—
fects produced by anodizing 4id not lower the fatigue
stréngth below that of polished spscimens, and may actu—
ally prove beneficigl for soms types of glloys.

Effects of ronce of stress aon eandurance linits of
natchod roctangular specimeng.— To study the offect of range of
stress on the oendurance linit of specimens with a V—notch,
tosts wore made in the vibratory bending nachinos with
gspecimens subjected to a mean or steady stress on which
vas supérimposed a completely reversed alternating stroess.
Six different endurance limits were determined cobrospond—
ing to three different ranges in which the moan stress aif
the voot of the notch was o tensile stress, two ranges in
which the moan streéess wa.s compressive stress, and one range
in which the mean stress was zero (completelJ reversed
surass crcle),

The S—¥ curves for stress cycles in which the mean
stress at- the notch was a tensile stress are.'shown in
figure 17, and the S—N curve for the completely reversed
stress. cycle is shown in the lewer portion -of figure 15,
The.sndurance limits for these four stressg cycles have
been -obtalned by scaeling the ordinates. to the $—~N curves
a2t .100-million oyclés of stress and these values are .
shown in table VIII for 253—T S E AT -

&or the two ranges in whzch the mean or steadv st;ass
at the notch was -a compressive stress-the specimens de—
veloped cracks al{  the root of .the notch .but -did not com—
pletely fracture even though subjected 0 a large number
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of cyeles of superimposed alternating stress, Photo—.

graphs. of some. of these cracks showiling views looklng down
into the notch are presented in figure 18. The small )
dark areas in these figures are regions where small pieces
of metal have cracked out and spalled off, bubt this spall-—

ing occurred only for specimens tested at relativelv high
stresses, .

For sPecimens tested at 1ower stresses the cracks
formed were very small .and could not be seen without the
aid of a lowe.power microscope. Hence the fatigue-test
data could not be interprefed in the usual manner by ]
Plotting S—N diagrams based on fracture of the specimen,
and no definite indications of fallure of a specimen were
evident except for the microscopic cracking at the noteh.
Consequently it was declde& to assume arbitrarily that
cracks that could be seen with a 40X microscope constil~
tuted failure of g specimen. The endurance limits were
thus obtained by plotting in figure 19 the approximatbte
nunber of cyeles at which the first cracks were visible
with the low-power microscope. The values of endurance
limit for 255~T determined in this manner for the two
compressive stress cycles are listed 1n table VIiIiI.

Phe effect of the range of stress on the endurance
linits of the V—notch specimens of 255-T. glloy is 1llus—
trated in the modified Goodman diagram of figure 20 on =
which are plotted the data. of table VIII.“ On this dia—
gram the ordinates reyresent the minimum stress (Smin)

and the maximum stress (Smax) of the . stress cycle)and the

abscissas represent the corresponding mean stress (alge—
braic avorage of Spiy and Spyx). For any given mean
stress the algebralc difference between Spax and Smin

represents ‘the total range or double amplitude of the
superimposed ‘alternating stress that will cause fallure
after approximately 100 million cycles of stress.

It will’ be observed that as %the algebraic value of
the mean stress in the cvcle was decreased from a large
tensile (+) stress to zero and thence ‘to a compressive
(—) stress, an appretiable increase occurred in the tofal
alternating range of stress required to cause failure.
This is shown morse definitsly by the curve in figure 21
in ich the ordinates indicate.the total dlternating
stress range (Smax—sminZK and the absclssas represent the
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correspondiﬂg méan stress inieach eycle. The data previ—
ously obtained in tests of M~58 are also plotted in figure
21 for direct comparlson with the 265~T alloy.
VK - e _

Gnﬂefﬁering“these data and the fact that no frac~
tures occurred in the specimgns tested with compressive
nean stresses at the no@ch %lle evident that both alloyn
can withstand consiierably greater magnitudes of super in—
posed alternating stressese when the mean stress is de—
oreasod from a- tensile to & comnressive stress.

- Bffect of repeated. unde;strgselng on ‘the fatisgue .
strengtn.w Two types.of test were made im the. rotating

beam mackines to determine the effect produced'on the fa—
tigue strength of these two aluminum alloys -by .repeated
cycles of understressing or stresses below the endurance
limit, These tests may Dbe briefly outlined ad followE!

(a) Tests in which a group’ of specimens were sub-—
Jched to 100 million completely revoreéd cycles of a ..
given stress below the normal S—K curve, and the endur—
ance 1limit of the group ‘of svecimens then determined in
the Usual manner, This seriés of. tests will be referred
to as “prestress tests."

(b) Tests in which a speclmen was ‘startod at a stross
_somowaat below .the endurance 1imit ahd the magnitude of
stress. was increased Dby a small inerement each %time the
_5pec1nen had beén subjected to a définite numbor of com—
pletsly roversed cycles of stress. .-Theo .increments of
"bobh gbress and. number of cycles emploved in the tests
wvere varioed somewhat, but in many cases the stress .was
increased by 2000 pounds per.. Square inch each time tho
specimen had .heen subjected to 100 million cycles of
.stress, These tests of individual specimens uill be rYe—
ferred to as the’ "step~up" tests.;

. . The results. of the prestress tests of 255-T alloy
are plotted in the S—N diagram of, figure 22. The indi-—
vidwual plotted points in this figure ‘show the. finel
stress and number of .cycleés for failure of a specimen
after being originally prestressed at stresses of 15,000,
_ 16,500, or 18,500 pounds per equare inch " Also shown
are uhe 1oints obtained for tests of specimens withou#

. prestressing; that is,the open circles show points that
were previously plotted in the lower half of figure 14
to uetermine fhe normal 5—N curve for 255-~T, The broken
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curves outline the scatter band obtalned in tests_of the
unprestressed metal, aid it -will Dbe- observed that prac—
tically all of the prestress test results fall within
*-this ‘band. Hence, it may be concluded that the pre—
stressing employed {for 100 million oycles) had no effect
on the fatigue strength of the 255 T alloy.

‘Figure 23 shows the results of the prestress tésts
of X768~T in a somewhab similaxr manner. "In this case,
however, the results are compared with the normal S—¥
‘curve for ‘the X765—T alloy as traced directly from the
curve shown in tHe lower portion of figur'e 16 for the un—
prestressed metgl. Since the scatter band for the un—
treated X76S—T was rather narrow, the data of figure 23
indicate that the fatigue strength of X765-T was increased
a small amount by the prestressing employé& The endur—
- ance limit at 500 million cycles of stress vas appareitly
increased about. 2000 pounds per sqguare 1nch by’ pre— - )
stressing at 20,000 pounds per square Ynch and waB in—
creased about lOOO pounds per SQuare inech by prestressing
at 21,000 pounds per: square “inch,  These effects 'are’
‘ rather small, but in general most of the specimens of-
. X765—T that were prestressed ran for a considerably
greater number of cycles before fracture than would be
indicated by the normal S—N curve for the unprestressed
metal., . . i . N R

: Lhe results obtainea from the step—up tests of in—'
dividual specimens .are .shown in table -IX for both $he”
2558—M .and X765-~T glloys As may be expected these re—
sults of fatigue btests of individual specimens showed
conslderable scatter in the number_of cycles sustained
by .a specimen before fracture.-'

The data in table IX for the step—up tests of yp—~
notched specimens of 255-T alloy have been plotted in

figure 24 along with the normal 8—XN curve for the metal
(which was previously shown in fig. 14). The open
circles at the lower ends of the vertical lines in figure
24 represent the: nagnitudes of stress at’ which sach spec1—'
men wos first started, and the 1ncrements of increase in
stress (after Bach 100, million cycles) are shown by the
bars crossing these vertlcal lines, The points plotted
with solid symbols ‘indicate the maximun stress before'_
fracture and the number of cycles at the. maximum stress

required to produce fracture. .The- open symbols plotted
:on the right hand side represent thé t6%al number of

cycles of stress resisted by the specimen during the en—
tire test.
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It will be observed that the total number of cycles
of Stress ‘sustalned by each 265S—T specimen in the step—up
tests ‘was much .greater than had been obtained from tests
of thé& normal metal when tested only at o ‘constant strees
having a magnitude equal to the maximim 8tress reached
during the step—up tests. On the othar hand the life of
nearly every step-up specimen after the maximum stress
had been reached was somewhat smaller thon had been ob—
tained for the normel S-N curve. The fact that five of
the specimens falled at 20,000 pounds per square inch
wounld indicate that the large numbeér of cycles of previ—
ous understress had damaged these specimens a slight
amount since the metal would normally have run a full 100
million cycles at this stress without fracture.

However, when the data in table IX for the step—up
tests of the three notched specimsns of 255-~T are compared
with the S—N curve plotted for the unprestressed metal in
the lower half of figure 13, it-is found that these throe
gpecimens ran for about the same-number of cycles (at tho
maxinun stress) as-t he unpreatressed specimons, Hence
the fatigue properties of the notched specimens of 25S5-F
appeared to be unaffected by the understressing process,

As a result of all the step—up tests it was concluded
that in general this type of understressing had no con—
slstent effect in elther raising or lowering the number
of cycles which a specimen could withstand at the maximun
stress before failure, By disregarding the previous
stress history and plotting only the number of cycles at
the maxinum streess, the points usually fzll within thse
scatter band for the unprestressed metal though there is
a tendency for more scatter of results t¢0 be obtained by
the step—up method of test.

- DISCUSS ION OF RESULTS

Perhaps ‘$he most important rqsnL%s of the tests are
those showing the effects of range of stress on the en—
durance lindits of notched specimens ;a8 presented in table
VIII and in figure 21. When subjaecfed to a service condi~
tion such as that in an airplane propellsr, where tho
face of the blade is often scratched or notched by stones
striking the blade, the fatigue strength of the netal in
a notched condition is of primary inportance. Morseover,
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the stresses developed in a propeller bdlade. vary over a
rather wide range depending on the service condition.

In general, the results of %the fatigue tests with
notched specimens indicated that both alloys could with—
stand a greaster -alternating stress range without the
fornation of fatigue cracks when the mean stress in the .
cycle was changed from a tensile to.a compressive sfréss.
In addition, the fatigue cracks devéloped at the roof
of a'notch did not spread rapidly.when the mean stress

was - compressive, and no conplete fraotures of the speqi—_f;;

nene were obtalned even when stresses. sonewhat. above
those required to produce cracking werse repeated 100
"million times. Thus, if a netched menber made of this
netal were designed to operate with the nean stress at 2
the notch, & conpressive stress, an additional factor of
safety agdainst complete fracture,would existy any fatigue
ecracking at the notch could probably be detected Dy peri—
odiec inspsotions long. before the cracking had developed '
to a dangerous extent. : ) . S .
It is interesting to note that the X765~T alloy was
much. stronger in static tenSLOn and had a higher flexural
fatigue strength, as obtained fron unnotched specinens,”“
than the 258—T aluninum alloy. However, the X765-T alloy
exhibited a fairly high notch sensitiv1ty as indicated by
the reduction of fatigue and inpact. strengths of notched
specinens. below thosse of the polished unnotchad spécinens.
When the data prev1ouslv obtained for notched X765-T alloy
specinens were .conpared with the values listed in table
VIII, it was found that the alternating stress range which
could be resisted without failure was etactlf the Same for '
toth. .alloys if the nean shress in the range was elther

Z8ro or- a comnressive stress. However, as shown in figure

21, the 258—T. alloy resisted a - greaten range of alternat—
ing atress than aid the X765-T alloy when thé nean stréss
was increased ine tansion.. Consequently, the 2BS—T’ alloy '
should. be able to .resist slightly greater v1bratory
stresses in a- notched propellen bIlade, where the mean
stress is a tensile stress,than the X765-T alloy, even .
though the latter alloy exhibited greater’ strength in the
.fatlgue tests of E_gotched .Spegimens. - . . S _ ".

v

- K . . ..' [ . . =

Another Iactor of 1nterest was the change in shape
of- the S—N curves .as ~the range. of stress was varied. -By
comparing the S5—N curves:. for the notched spacimens in
figure 15 withk -thosge  in figures 17 and 19 it will be
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‘observed thats: - - C o : : )

(a) For tests with s comprossive mean stress the
curves are very steep and are fairly-.straight.

(b) For'completyly-revgrsé&ﬂhtreés.ﬁhe trend of the
gurve is sonewhat flatter and approaches g horizontal
asymptote after a large number of .eycles.

'(c) As the mean stress was gradually inereased in
" ‘tenslon, the ‘curves. became very flat-and toended to reach
a fairly'definite-horizontal-asymptotg at a relativsely
smdllfnumben.of~cycles in somewhat. similar manner %5 the -

typlcal S—~N. curves for steels,

Therefore it-.is felt that -the endurance limite listed for

the notched specimens :and based on 100 million cycles of

‘stress would not have .besn decreased. appreciably if the

tests had been continued te 500 million cycles of stress,

even though the endurance limits -scaled from.the S—N

curves of Wnnotched specimens of 255—T7 did show a pro— N . -
nounced ‘drop between 100 and ‘500 .million cycles of com—

" pletely 'réversed stress. This factmay also have direct
epplication ix-helping to determine the. useful 1life of
alwminum alloys in-sérvice. ‘Thus- for notched members
subjectéd to 'a tensile mean stress and . subjected o vi—
bratory streSses . somewhat below the endurance limit as
determined from & test run to a relatively small number
of ‘cycles, say-100 million, it would appear likely that
such stresges could be repeated almost indefinitely with—
S out falluré’sf.the members, = . -~ . ... Cot

. A comparison of the: endurance limite of the various
unnotched“specimehs‘(see.last-column;-table VYII) indicates .
there was little or no effect of- speed. of. testing within -
the range of :speeds. used in ' the tests. The differences

in numerical walues of the endurance limits may be ac—

counted for by :small differences in %the behavior: of the ,
three tyves of  festing mmzhine, .and by slight variations *
in different baks of the seme metal, - - : -

The results -of" the prestiressing and the step—up tests
of these two aluminunm alloys were not conclusive in indi—
cating .that .either a strengthening or a weakening effect
was produced by repeated cxcles'of_atrass'below the gn—
_durance limits listed. - The prestressg tesits of X76S—T
dia indicate;that.a-slightustrenghhening~éfcht was. pro-—
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ducod; whereas the step—up tests of 25S-T produced a.

slight decrease in life of unnotched specimens, and the

other tests in general fell about in the normal Trange
for unprestressed metal. Hence, the results may be ac—

cepted as evidence that no consistent or appreciable’ _
changs .in fatigue sirength was produced in these alloys -
by repsated cycles of undserstress. -However, the largs )
number of cycles of stress developed in understressing

sach specimen during the step—up tests may have had a

tendency to cause any microscopic defects present in a N
specimen to open up,- and thus’ result in mor e scatter of

the. final test data. :

The fact. that the fatigue strength of the anodized
specimens was as great, or slightly greater, than. that
of untreated specimens should make this method of surface
treatment very useful for gluminum alloy members in use
on naval aircraft K s¥iéé anodizing is also reported to .
have incresased the resistance of aluminum alloys to
pitting produced by salt water spray.

-~

4 photoelastic test was made to check the theorebti— -
cal stress at the root of the notch in the rectangular
vibratory bending specimen shown in figure_ . This
test was made on » scszle model 0of bakelite three times
the size of the prototype. ‘As a result of the photoelas—
tic stress analysis it was found that the thsoretical
stress over a small ares at the root of the notch was ap—
proximately three times the nominal flexural stres& cal—
culated for this sectilon. C . - STt e

The value of the stress concentration. factor for the
notch in %the rectangular vibratory bVYending specimens was
therefore 3.0 from the photoelastic analysisj whéreas,
& value of 2,40 was obtained from the fatigue tests of
255—T subjected to completely reversed stress. These
numerical values give an indication of the relative notch
sensitivity of the metal to the damaglng effects of a
notch. .

CONMCLUS IOHS .

As a rosult of ‘the data obfaine& in thig serieg of '
tests .the following conclusiohs were 'formulated regarding
the mechanical strength properties of these two aluminum
allora:
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1. The statlc slastic and ultima$e strengths and
Brinnell. hardness of. 255~T alloy were somewhatb 1ower than
the corresponding values for X?GS—T allov.

2. The.percentage elongation and reduction of area,
and the modulus of elasticity of 255-T, were slightly
greater than the corresyonding values for X76S— :

3, The tensile: v1eld strength at 0,05 percent offset
of the X765~T alloy was approximately 0.9 of its ultimate
strength and was therefore etceptionallv high as -compared
with the corresponding valuve . of most ductile materials.
The yield strength of 255-T alloy was 0.6 of the ultinmate.

4, Tension and bending impact teste at low tempera-—
tures indicated that. the percentage elongation and reduc-
tion of area and the snergy absorbed dy these two metals
were not materially affected by a large drop in the tem—
perature of testing below room. temperature. The 25S-T
alloy exhibited greater ductllity and energy abeorbing
capacity and a smaller notch sensitivity in these impact
teets than did the X768-T alloy. :

5, In the tension impsact tests of both metals, a V—
notch with 0.0l inch rzdius at the roct caused large de—
creases in elongation in 2 inches, and in the energy
required for rupture.

6. Tests of polished specimens of 255~ —Tysubjected to
complebely reversed stress cycles on three different types
of testing machine and operating at speede varying from
1750 to 10,000 rpm, gave endurance limits ranging from
18,000 to 20,500 pounds per square .inch at 100 million
cycles of stress. Hence,there was no appreclable change
in the endurance limit under these conditions.ag the
speed of testing was varied fronm 1780 to 10,000 rpm:

7. The introduction of a V—notch in -the test section
decreased the fatigue strength of the 255—~T alloy for
comnpletely roversed cycles of stress to bebtween 42 and
61 percent of the strength of unnotched specimens, do—
pending somewhat on the shape of the member tested.

. 8e Considering a range of stress to be composed of a
steady stress and a superimposed alternating stross, it
was8 found that.as the mean or steady stress at the notch
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was decreased from a tensile (+) stress to a compressive
(=) stressythe total range of alternating stress that
could be resisted by the notched specimens.of 255-T with—
out causing fallure gradually increased from a range of
12,000 pounds per square ingh for a ftensile mean stress
of 16,000 to & range of 17,000 pounds per .sguare inch for
a compr9551ve mean stress of 8500 pounds per square inch,

9. Tests of notched specimens in which the range of
stress was varied indicated that for a given number of
cycles the 255-T alloy could resist a greabter range of al-—
ternauing stregs than the X?GS-L alloy when the mean
stress in the oycle was a tensile stress., When f{he mean
stress was a compressive stress there was practically no
difference bétween thée endurance 1imits of notched speci—
mens of these two alloys.

10, Step—up and prestress tests of both 255-T and
X76S—T alloys indidated that the large number of cycles
of understressing developed in the previous stress history
of. thesé alloys had no appreciable or consistent effect
in either raising or lowering their endurance limits.

11, Anod121ng the surface of. specimens of thebe two
alloys produced no change in fatigue strength of the
355-T alloys but produced a slight increase in the fa—
tigue strength of the X768—T alloy. :

Englneerlng Experiment Station, . . - o

University of Illlnois, : S L

Urbana, Ill.; June 8, 1043,
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TABLE I

STATIC THHSILE TESTS OF 258-T ALIOY

[1/21n. diameier unnotched ‘specimens in fig. U]

3 Yield strength : : o ‘Modulus |Ratio-of field '
Specimen I~ — Ultimate |Elongation Percent |2educ— | of elas—|strength (0.05
0.05 nercent|0.2 percent| atremgth |percenmt in in 8 in tion of] tfcity rpercent-"_offéet)
. offset- .. | offset 24n, - |77 TR area [QODO 10| to tensile
.(l'b/sq_ ig:,) {1b/8q in.) (1b/sq inJdj ¢ 1 percent-/sq iﬂ_.) . stren:gth'
T, |- 33,200 7| 36,000 | 55,100 25.0 13.25 | 50,5 | 10,400 0.603
To 33,700 | 36,600 50,300 |  22.5 | 12.9 %7.1 [10,560 | - 670
To |- 400 | 3700 | 57,000 [ 26,0 |-1k.5 S| ye.r.| 10,740 05
T, 34,400 37,200 56,700 245 i, | 4806 10,400 . Wb07
Te | 34200 37,100 | ;56,200 26,0 —— | U46.8 {10,840 607 .
Ty | 3,800 . | 35,00 | 5,80 | 27.5 | ~—— | 52.6]10,880 | . ..580
Average | -33.6QQ"':.7 36,600 55,000 | 247 13.55 | %9.0[10,60 | . .61
Comparative welues for X76S-T Alloy (referenaes 1, table I)
.
Average | 64,200 67,200 72,500 19.2 ho.s% 9,690' 0.887]

geg.
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¥i6




TAELE II

STATIC TEWNSILE T3STS OF NOTCHED SPECIMENS OF 253~T ALLOY

f Gage length 2 in. on 1/2~in diam')P,;otched spociinens shown 1n fige J(b)]

Compa_'['a—
Specimen N25T1 | N2hT2'| N2hkT3 Avorage tive values
el T T {for X768-1
alloy
Tield strength, 0.05 percent offset (lb/sq in.) 1#7',600 47,300 {46,300 47,100 85,100
Tield strang‘bh, 0.2 percent offset (lb/Eq in-) 53,100 52,600 51,”’00 52’“.00 92'500
, 1e1d sbrength at root of motch ; ' -
Rﬂ.t H ¥7 . ) - » ] .
io ?ﬂeld pre——— Sobod spasimen at 0.05 percent offset .1 bast 1.2 | 1,39 | 1.1 | 1.31
. _‘y’ield strength at root of notch ' . , .
Ratio: =iis Strongth of unnobohed specimen at 0.2 percent offset .1.h5 Ll | 1.by 1.u3 1.3?
Ultimate strongth (1b/sq in. L :
mate stroggth .(1b/sq in.) 70,300]70,700|69,300 } 70,100 |96,700
. 'z;nsﬂe strength of root of notch’ | '
Ratio: :

“Fensile strength of unnotched speclmen 1.25 1 1.26 | 1.24 1.25 1.33
Flongation, percent in 2 in, 3.50 | 4.00 1i—.50; 4,00 1.43
Batio: Elon.gation of notched specimen 0.135] 0.154] 0.173 0..1-51|- 0.09

Flongation of unnotched specimen 4 .
| v:teld. strength (0,05 percent offsst) - o i \ o : ;
Ratio: — ' (notched specimens)i b77| <668] .6RB| ..67L | +B80

'Fe'nsile strength

— -

$16 "ON 930K TROTUUDET Vows
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* TABLE III.—~ STATIC TORSION TESTS OF 25S—T ALLOY

A
[Gage length 2 4in., on 0,56~in.~diamMépecimen shown in fig. Lcl

| Values
Specimen S—6 S—-104A 5—~10B | Averagse | for alloy
: - X76S—T
Yield strength, (1b/sq in.)|
0.05 percent offseb 22,400 | 23,400 | 23,100 | 22,600 | 39,500
0.20 percent offset 25,800 | 26,000 | 26,100 | 26,000
Modulus of rupture .
(1b/sq in.) - 52,800 | 52,300 | 52,800 | 52,600 (63,600
Modulus of elasticity
(1000 1b/sq %n.) 4,090 | 4,190 4,020 4,100 | 4,060:
Ratio:
Yield strength (0.05% offset)| 0.423 0.428 0.438 0.430 | 0.621

Modulus of rupture




TABLE IV.- TUNSION TIPACT TESTS AT f0° F

Energy to rupture | Ratio of Flongation in l Batio of i Reduction of
Snecimon ' (£ft-11b) colum Y to 2 in,, pervewh colurn 7 to | ares, percent
column 3 . column-6
Unnotchéd | Notched | Unnotched?® ]SYotc;e;c_l2 ' Unnoteched |Notchod z Unnotched
() @ | 3 () (5) (6) (1) (8) (9
B Tl N2 | k9.7 20.3 . 15.5 () IR "
r
; b
5 5L N52 | . 37.6 22,7 | 13.0 s.q . %6.0 @
{'c!’\ U3 53 4.9 20.h 16.5 5.0, ' - 50.9 ™3
aY) ) . o
x 6L, 0.6 ' 15.0 | - ' 0.4 &
o o : - g
UbB "1 Lok ] 15.0 |- L KON E
— : - - — — QJ
| Average .6 . 21,1 7 Jhge 15.0 5.0 .333 Lg.0 &
. - : @
. ) ' . o
13A 42,0 3.0 4.8 o
b 13B 28.0 o h 7.0 L s hut
Q . T AT >
3 130 . 2. | - 105 : ' L WG
7| e Sy | el | e 3.0
¥ | wies 37,6 - 9o | L 3940
Average 7.2 .| 8.9 ' . 9.0 1.8 ' 39.8 "
.

“Unnotchod spocimens are those without sbrupt change in section es shown.in figare 2g)
-notch apocime? as shown in figorae & } ) '
Specimon broke At ond of gago lorgth.




TABLE 'V 'JJE‘NSIOH IMPACT TESTS

AT o F

4

"OR 830R TEOTUUDEL VOVH

., ,
« e

JEnergy to rupture | Batio -of Elongation in Ratio of ‘Reduction of
- Specimen : (£-1Db) colutm ¥ to 2 in., percend column 7 %o 'ﬂ‘!rea., porcent
) o _ . cblumn 3 _ column 6
" Uunotched [Notched | Unnotched? Notched? | UnnotchedfNotahad Unnotched
, (1) (2) (3) (W) _(5) {6) (D (8) (9) °
B - : ’ ) o
g wa | wa | ws 0 oams | 17.0 | 6.0 U5.9
E . U83 K43 'ﬂ.u _ .é6.5 y __317.0 T 6.5 . %.'6'
o - He " | wm 47.2 2l - 16.5 5.5 5045
Average 9.1 - 25.1 : 16.8 . 6.0 <357 47.0
. 130 L 9.5 - 335,
2 138 '33-6' , 7.5 4.0
o 13F 6.8, 9.0 335,
,"-D .- H -
. E - . "
Average 37.2 8.2, 8.7 1.8 k0.0

Wnnotched apecimans are those without sbrupt change in saction)a.s ghown' in figure Efa.

Y-notch apecimen ae shown in fignra Zb].

fAv]
Lo 1)

g

7T
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TABLE TI.— GHARPY BENDIHG IMPAGT‘T §hg zss—m ALLOY

[Using V—notch 8pec1men shown in figure {]
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ot

"Spécimen Test ﬁemp; Energy absorbe@X Comparstive
: (°r) . (£—1b)- values for X76S—T
R - alloy (ft—1b)
12A 70 63.3 .
114 wo B2.1
12B ° 70 38,2
118 70 28.3 o
) Average = 38.0 9.1
113 30 29.0
120 30 51.6
110 30 38,2
1 Average = 39.6 9.1
12D —40 53.4
11D —40 35.8 '
11E —40 24,1 ’
128 —40 33.5
Average = 36.% 12.3
11F —70 18.8
116 —70 20.7
12F —70 27,6 8.8
i Average = 22,4 -
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TABLE.VII.— ENDURANGE LIMIPS OF UNNOTCHED SPECIMENS OF

258~ ALLOY .WITH COMPLETELY REVERSED STRESS OYOLE

Bndurance Limits(1b/eq in,)

Machine" * - Shape of " |Depth of
L - specimen { specimen for’ for for
at test at test 107cycles | 10%cycles| B x 108
section section cycles
(in.)
Rotating cantilever '
beam (dee fig. Fa) K%und 0.26 24,000 19,000 |16,500
Rotabing cantilevep g L _ B
beam (s»e fig. S{‘tf) ound . l4 27,000 20,500 17,500
Vibratory bending ‘
(see fig., 4fs)) Bectangular -1 22,000 18,000 | ————
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TABLE VIII.— EFFECT OF RANGE OF STRESS ON ENDURANCE LIMITS OF

NOTCHED SPECIMENS QF 255-T "ALLOY AT 100 MILLION. CYCLES OF STBESS*

.J .ﬁaximum

A

Total zl—

. _ "HMinimum | Mean stress
Dype of siwvess stress streas in cycles ternating
variation in cyecle,| in cycle,| (1b/sq in.) stress
Cb/Sq_ in.) @‘:Lb/aq in.) range,.
Puax SSmin f{lb/sain.
. : max“smln
Zoro %o maxinmum in o : :
compressdion : 0 -17,000 —8,500 17,000
+4,000 (1b/sq in.) t0o ' -~
maximum in- com— . K R
pression- . +4,000 —-12,000 4,000 16,000
Completely reversed |.+7,500 — 7,500 0|, 15,000
"Zero %o maximum in )
tension +13,500 0 +6,750 13,500
+6,000 (1b/sq in.) to] S
HMaximun in tension | +18,000- +5,000 +11,500 13,000
+1.0,000 (J,'b/Sg_ in,)tod _
maximum in tension l,+22 000 +10,000 +16,000 12,000

*Plus stresses:are tensiong minus stresses

-are compression.
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' WABLE IX.~ RESULES- OF. STEP—UP TESTS

NACA Technical Noété No. 914

Inérehent

I motal

Stress at G&cles" Maximun _-Gycles-to1
Speci— start of stress. at each | stress fracture « of
men - [(1b/sq in.) | (1b/sq in.)]| stress | before at maxi— }cyclcs
. o o - t{millions ) failure mun run
T : (1v/sq in.)| stress (mil—
(millions)Jlions)
258~T alloy, unnotched 0.14:1nJQdiamﬂlsppc1mens
T63 l0,000“ 2000 100 22,000 72,8 584
128 " 14,00G 2000 100 20,000 94.0 405
T43 15,000 2000 100 23,000 18.5 420
753 16,000 2000 100 20,000 92.0 292
74D 16,000 ZQOO 100 20,000 41.9 275
103D 16,000 1000 100 20,000 8.¢ 434
T&6C 17,000 1000 100 20,000 48.8 360
K e ', #} . .
255—T alloy, notched 0,30 indﬁiamaﬁgpecimens
RN9 4,000 BbOO 100 12,000 1.4 409
RN11l 5,000 2000 100 11,000 31.6 547
RN10 7,000 1000 100 14,000 0.9 "33
: . W gﬁ)
17650 alloy, unnotcéhed 0.14 in)ﬂiam_ spocimens -
L73 13,000 2000 100 24,000 25.7 353
B7A 20,000 1000 100 26,000 24.7 648
RE6A 21,000 1000 100 25,000 64.3 495
/ -.
A768-T7 alloy, notched 0.30 inl'diami!spocimens
R68¥11 8,000 1000 100 11,000 82.8 289
RG8N9 8,000 1000 50 10,000 6.0 118
RG8HS3 4,000 1000 10 11,000 3.4 101

LI |

11




FIG. | SPECIMENS FOR STATIC TESTS
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FIG. 2 SPECIMENS FOR IMPACT TESTS

-3l 2= ok
I 3 1

(a) Tensile impact ~ unnoiched

2

oo B~ A% 2R -
| l Jo250" GI]lllo.zaoo" | |
—"I%'r'—l{——ﬁ;:— )4 —3

|

(b) Tensile impact — nofched

i

0.01" R, '\‘5/.“
> 1P

‘——2"———4 éﬁ'

"(¢) Charpy impact bending

"ON ©30§ TBOTUUDSL VOVN

V16

C2f1 8%1a



FIG.3 SPECIMENS FOR ROTATING BEAM

FATIGUE MACHINES .
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{a) Unnotched specimen

(c} Notched specimen

FIG.4 SPEGIMENS FOR

FLEXURE FATIGUE MAGHINES
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- 4 il
Figure 6.~ Small high speed fatigue testing machine.

Figure 7.— Krouse flat plate fatigue testing ma.éhirie.



FIG. 8
STATIC TENSILE TESTS — 25S-T ALLOY

LOWER PORTIONS OF STRESS-STRAIN DIAGRAMS

SPECIMENS; 8 IN. GAGE LENGTH; 172 IN. DIAMETER; UNNOTCHED
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FIG.9 STATIC TENSILE TEST—25ST ALLOY
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FIG. 10
STATIGC TENSILE TESTS OF NOTCHED SPEGIMENS

OF 25S-T ALLOY

LOWER - PORTIONS OF STYRESS-STRAIN DIAGRAMS
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FIG. 1
STATIC TORSION TESTS —25S-T ALLOY

SPECIMENS: 2 IN. GAGE LENGTH; 0.56 IN. DIAMETER
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FiG. 12

RESULTS OF TENSION AND BENDING IMPACT TESTS

Legend:

B  255-T ALLoY TESTS AT ROOM TEMP. - TESTS AT -40°F
(LD XTEST Aoy 01020 30 40 50 010 20 30 40 X0

Notched Specimen 21.0 25,1
in Tansion 8.9 8.2
Unnotched Specimen | 426 pry W
in Tenslion 378 372
Charpy Specimen 380 367 F
In Bending S.1 123 :
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FIG. |15
VIBRATORY BENDING FATIGUE TESTS
OF 255 - T ALLOY

FIG. 14
ROTATING BEAM FATIGUE TESTS
OF 255-T ALLOY

. . Completely Raversed Stress Cycle
Using Small High- Spead- Machines At 10,000 rpm
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NACA Technical Note No. 3914 Fig. 18

(a) After 18 million cycles of stress, range from=+4000 to
-16000 1b/sq in.

.‘ k‘fi M

(v) After 36 million oycles of stress, range Irom-¥4000 to
-14000 1b/sq in.

$iizen 40T

(o) After 64 million oycles of stressj range from O to
17500 1b/eq in. _

Figure 18.— Oracks formed at root of notch in specimens of
358-T alloy tested in compressive stress cycles.
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FiG. 2|
EFFECT OF MEAN STRESS ON MAX/AU/| FIG. 22
SAFE ALTERNATING STRESS RANGE FOR 100 EFFECT OF PRESTRESSING ON FATIGUE
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